Singh A., P. P. Gupta, S. P. Ahuja, H. S. Banga: Biochemical Changes in Milk in Experimental Acholeplasmal Mastitis in Goats. Acta vet. Brno, 60, 1991: 193-203. To study the biochemical changes in milk during unilateral acholeplasmal mastitis, 8 lactating goats were selected, out of which 7 animals were inoculated through the right teat canal with 2 ml of Acholeplasma laidlawii containing 10 9 colony forming units per 1 ml. The left udder halves of these 7 goats served as controls and one goat was kept as intact control. The effects of infection were monitored over a period of 19 days. During this period one goat was killed every 3rd day after infection, while 2 animals were killed on the 19th day, i.e. one experimentally infected and one intact control. All the goats infected with A. laidlawii developed clinical mastitis within 24 h, which persisted till the end of the experiment. The total protein, total immunoglobulins (Ig), total phospholipids and free fatty acid contents of mastitic milk/mammary secretions showed progressive increase, whereas total lipids and glycerides decreased substantially. However, there was a marginal increase in the total cholesterol concentration.
. Right teat and udder half of the goat inflamed and swollen, 2 days after inoculation with Acholeplasma laidlawii. malities in the udder, changes in temperature, systemic disturbances and mastitis (assessed by California mastitis test and modified whiteside test) were recorded. Samples of milk/mammary secretions were obtained from all the goats before inoculation and every 3rd day up to 19th day after infection (DAI). TLC of milk/mammary secretions and haematological values of all the goats were also recorded. The. pooled milk/mammary secretions were analysed for total lipids (Folch et al. 1957) , total phospholipids (Ames 1966) , total cholesterol (Zlatkis and Zak 1969) , total free fatty acids (Lowry and Tinsley 1976) , total glycerides (by difference), total proteins (Lowry et al. 1951 ) and total immunoglobulins (Oser 1955) . During the 19 days of the experiment, one goat was killed every 3rd day, while 2 goats (one goat which was experimentally infected and the other intact control) were killed on 19th DAI. Udders and their lymph nodes were examined grossly and microscopically. For microscopic examination 5 to 6 p, thick paraffin sections were stained with haematoxylin and eosin.
Results
The appetite and body temperature of the infected goats were not affected during the experiment. However .. all the experimental goats developed clinical mastitis in their right udder halves.. from next day after inoculation with A. laidlawii. The infected udder halves of all the 7 goats were inflamed .. hot .. tender .. painful and swollen ( Fig. 1) during first 3 DAI. Thereafter .. the size of these udder halves decreased and remained smaller (Fig. 2 ) and more firm in consistencyas compared to those of the uninfected ones. Between 2nd DAI and 19th DAI .. there was a marked decrease in the volume of milk/mammary secretions from right infected halves and the secretions were thin~ flocculent and had a yellowish tinge. On the other hand~ the amount and consistency of mammary secretions/milk drawn from the control left udder halves and both the udder halves of the control goat remained unaffected. Mastitis in the right infected halves was severe during the experiment. The TLC of milk from infected halves increased from the basal value of 0.60 x 10 6 mI-1 to 13.97 x 10 6 mI-1 and 17.86 x 10 6 mI-1 on 3rd and 6th DAI~ respectively. Thereafter these values decreased gradually (10.50 x 10 6 mI-1 and 5.77 x 10 6 mI-1 on 9th and 12th DAI~ respectively) and was 4.80 x 10 6 mI-1 until 19th DAI~ but remained much higher than the basal values.
However~ the TLC in mammary secretions from uninfected left udder halves and milk from control goat was not affected.
A. laidlawii was re-isolated only from mammary secretions of all the right infected udder halves until 19th DAI. No bacteria~ was detected in the milk of any goat during the experiment.
Mjcroscopically~ the infected udder halves of goats killed on 3rd and 6th DAI~ showed acute diffuse purulent mastitis~ characterised by marked infiltration of neutrophils in the lumina of acini (Fig. 3 ) and vacuolar degeneration of epithelial cells lining the acini. The animals killed on 9th~ 12th~ 15th~ 18th and 19th DAI showed chronic interstitial mastitis characterised by atrophy of acini~ proliferation of fibrous connective tissue (Fig. 4) ~ thickening of interlobular septa~ pseudolobule formation and chronic galactophoritis with calcified corpora amylacea in the lumina of lactiferous ducts (Fig. 5) . The mammary lymph nodes of the infected udder halves showed reactive lymphadenitis. There were no pathological Table 1 Changes in total protein and total immunoglobuUn content in milk changes in udder halves and their lymph nodes, both from control and non-infected left udder halves of goats. The biochemical analysis of pooled milk/mammary secretions from right halves, inoculated with A. laidlawii, revealed a substantial increase in total proteins, total immunoglobulins, total phospholipids and total free fatty acids, while the total lipids and total glycerides showed a considerable decrease. There was, however, marginal increase in the level of total cholesterol (Tables 1 & 2 and Fig. 6 ).
The total protein content of the milk/mammary secretions from the right as well as left udder halves was 3.13 g. dl-1 before inoculation. It increased to 4.11 g dl-1 and 5.29 g dl-1 on 3rd and 6th day post inoculation, respectively, in the mammary secretions from· the infected right udder halves. Thereafter the protein content decreased gradually but still remained higher than the basal values of 3.13 g dl-1 (Table 1) .
The total immunoglobulin content showed a tendency to increase from 0.29 g dl-1 before inoculation to 0.48 g dl-1 on 19th day PI in the mammary secretions of infected right udder halves. However, the total protein and immunoglobulin content in the milk of control goat remained unaltered (Table 1) .
The total lipid content of mammary secretions from both udder halves varied between 3.83 to 3.85 g dl-1 before inoculation. After inoculation the total lipids decreased gradually to 2.40 g dl-1 on 6th DAI in the secretions of infected right udder halves. Mter 6th DAI, the total lipids tended to increase up to 3.16 g dl-1 on 19th DAI (Table 2 and Fig. 6 ).
The total glyceride content of the mammary secretions of infected right udder halves also decreased gradually from 3.65 g dl-1 before inoculation to 1.91 g dl-1 on 6th DAI. It then increased gradually to 2.92 g dl-I on 19th DAI.The levels of total lipids and glycerides in the milk of the control goat remained almost unaffected (Table 2 and Fig. 6 ).
The total phospolipid content in the mammary secretion of infected right udder halves increased significantly from 66.0 mg dl-I before inoculation to 172.8 mg dl-I on 6th DAI.
The free fatty acid content also showed a significant increase from 64.0 mg dl-I before inoculation to 255.9 mg dl-I on 6th day post infection in the secretions of infected right udder halves. However, the levels of total phospholipids and free fatty acids tended to decline thereafter upto 19th DAI but the values remained much higher than the basal values. The total phospholipids and free fatty acid content in the milk of uninfected left udder halves did not show any significant change (Table 2 and Fig. 6 ).
The total cholesterol content in the mammary secretions of infected right udder halves increased marginally from 40.0 mg dl-I before inoculation to 65.4 mg dl-I on 6th DAI and thereafter it decreased to 47.0 mg dl-I on 19th DAI. However, no significant change in cholesterol content was observed in the uninfected left udder halves and in milk of control goat.
Discussion
This study clearly indicated that A. laidlawii was pathogenic to goat udder and caused mastitis by damaging the mammary secretory tissue. These effects have been reported to be due to binding of Acholeplasma to secretory cells, leading to their death as a result of local conc.!ntration of toxic and acidic metabolites H 2 0 2 and also due to formation of various hydrolytic enzymes by acholeplasmas (Razin 1978) .
The re-isolation of A. laidlawii from milk/mammary secretions even on 19th DAI confirmed that mastitis was of acholeplasmal origin. The increased TLC in milk and other gross and microscopic changes in udder of goats observed during this study were similar to those described after experimental A.laidlawii infection in cows (Bachvarova 1979; /Pal et al. 1982 /Pal et al. ,1983 Pfutzner et a1.1979; Seffner et a1. 1983 ) and in ewes (J ones 1985) . Almost similar but more pronounced changes have been observed after experimental mycoplasmal mastitis in goats due to M. putrefaciens (Adler et a1. 1980) , M. agalactiae subsp. bovis (Ojo and Ikede 1976) , M. bovigenitalium (Pal et a1. 1983) , M. arginini (Prased et al. 1985) and M. mycoides subsp. capri (Misri et a1. 1988 ) and in experimental mastitis in sheep caused by M. canadense (Ball and Mackie 1986 ) and due to M. mycoides subsp. mycoides (LC type) (Banga et al. 1989 ) and in cows inoculated with M. bovis (Bennet and J as per 1978; Meszaros et a1. 1986 ).
The lipid profile of mammary secretions indicated increased cellular content due to multiplication of acholeplasmas and higher number of leucocytes. It also indicated acholeplasmal lipase activity in the milk/mammary secretions of inoculated udder halves. These changes are similar to those reported by Ragab et a1. (1987) , Misri eta a1. (1988) and Banga et al. (1989) (Smith 1979) . The moderate increase in cholesterol level in mastitic mammary secretions may be due to the fact that A. laidlawii membranes contributed lesser amounts of cholesterol into mammary secretions, as it is known that A. laidlawii as compared to mycoplasmas have lower concentration of cholesterol in their membrane. In mycoplasmal mastitis the increased cholesterol is due to hydrolysis of cholesterol esters by Mycoplasma. The presence of sterol esterase has also been demonstrated in M. arthritidis, M. gallinarum and . A. laidlawii (Smith 1979) . The increase in total phospholipids content may be due to higher cellular contents of leucocytes, A. laidlawii and degenerating mammary cells in the mammary secretions. The presence of acyl COA: glycerophosphate transacylase, synthesising phosphatidic acid, the precursor of membrane phospholipids, has been demonstrated in A. laidlawii (Razin 1978) . The increase in level of total proteins in mastitic mammary secretions may also be due to increased infiltration of cellular contents, multiplication of A. laidlawii and due to passage of mucilagenous secretions and albumin to milk as a result of increased capillary permeability due to mastitis (Schalm 1977) . The increase in the levels ofimmunoglobulins could be due to immunoglobulins produced locally as a result of increased infiltration oflymphocytes or by pouring of imunoglobulins from blood stream. These findings are in accordance with findings of Schalm (1977) and Nolcross (1982) . Similar increase in the levels of immunoglobulins has also been reported in infected udder halves of ewes after experimental M. mycoides subsp. mycoides (LC type) (Singh 1988) .
The decrease in total lipids and glycerides indicates increased lipolysis due to lipase action of A.laidlawii. The presence of sterol esterase which hydrolyses sterol esters of short chain fatty acids has been demonstrated in A. laidlawii (Smith 1979 ). : The observations reported h~e and'the findings of Ragab et al. (1987 ), Misd et al. (1988 
